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Studies on the ultrastrueture of the derma-
tophytes include those on Trichopyton rubrum
(1, 2, 3, 4, 5, 6), Trichophyton mentagrophytes
(7) Trichophyton gypseum (2), Epidermo-
phyton floccosum (8, 9, 10) and Micros porum
canis (11). The present report presents the
results of some electron microscopic observa-
tions jarried out with Trichophyton vio-
laceson.
MATERIALS AND METHOD5
A strain of 7'. violaceum, kindly provided by
Prof. Pinetti, University of Cagliari, Italy, was
subcultured on Sabouraud's dextrose agar at
28° C. for 20 or 90 days. Portions of the colonies
were fixed in 1% potassium permanganate in
veronal acetate buffer (pH 7.4) for three hours,
or in some cases, in 1% osmium tetroxide in
M/15 phosphate buffer (modification of Palade's
method (12)) for three to ten hours. They were
dehydrated in graded series of ethanol, embedded
in styrene-methacrylate resin (OKEN Indust. Co.,
Tokyo) (13) and sectioned on a JUM-5 ultra-
microtome. The sections obtained from material
fixed with 0504 were stained with uranyl acetate.
Electron micrographs were taken with a JEM-6C
electron microscope.
RESULTS AND DISCUSSION
The following is a description of the vari-
ous submicroscopic features observed in the
myeelium of T. violoceum, most of the ob-
served material having been fixed in potas-
sium permanganate.
1. Outer Coating
The outer coating was a dark layer of fine
granules or filamentous material surronnding
the cell wall of hyphae. In some hyphae it was
readily apparent (Figs. 1A and 2) whereas in
others it was not (Figs. 1B,C, 2 and 3).
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2. Cell Wall
The cell wall was a light homogeneous layer
ranging from 0.06 to 0.3 e in thickness. The
thickness varied considerably in different
cells, and sometimes even in regions of the
same cell. Generally, the cells with thick cell
wall were observed in larger numbers in the
90-day-cultures than in the 20-day-cultures.
In our preparations, some cell walls showed an
inner and an outer dark layer with an inter-
mediate light layer. It is not clear yet whether
the difference in electron density within the
cell wall is due to an intrinsic structure of the
cell wail itself, or to fixation artifacts.
The septal portion of the cell wall (Figs. 3
and 4) diminished its thickness toward the
septal pore (Fig. 3) where the eytoplasms of
adjoining segments of a hypha flow together.
3. Plasma Membrane
The plasma membrane was seen as an elec-
tron dense, limiting membrane which en-
veloped the cytoplasm, occasionally as a unit
membrane structure (Fig. 2).
The surface sometimes appeared to be
straight, but generally many parts of the
surface showed a saw-toothed fine appearance
(Fig. 1). In some cells the plasma membrane
often appeared indistinct or discontinuous
(Figs. 1, 2), or it was almost invisible. In areas
of the cytoplasm which seemed to lack a plasma
membrane, or on the outside of the plasma
membrane, vesicular or granular components
were sometimes distributed in a row (Fig. 1).
4. Cytoplasm
a. Cytoplasmic matrix: The cytoplasmie
matrix consisted of a close aggregation of fine
particles. Some differences in the density of
the fine particles were apparent in different
cells or even in different regions in the same
cell. Occasionally, there were cells (Fig. 2)
whose matrix was too dense to permit the ob-
servation of the eytoplasmie organdIes, cx-
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'cept vacuoles. It is possible that these might
be aged hyphae or a change resulting from mal-
nutritional condition of the culture medium
(3).
b. Mitochondria: Mitochondria were usu-
ally rod-shaped, sometimes bent, and less than
0.3—0.4 p. in width and 1.2 p. in length. Cris-
tae were relatively few, especially in the 20-
day-old-cultures (Figs. 2, 3). In general, the
cells from hyphae of 90-day-old-cultures con-
tamed irregularly shaped mitochondria (Figs.
1 and 4).
c. Endoplasmic reticulum: The endoplasmic
reticulum was an agranular structure, made up
of two almost parallel sheets of fiat membranes
:separated by a space ordinarily 0.01—0.02 p.
in width. Sometimes these membranes were
continuous with the nuclear or plasma mem-
branes (Fig. 2). In various regions of the
cytoplasm, particularly in the periphery, the en-
doplasmic reticulum was short and tubular-
lUke. This arrangement was particularly visi-
ble in the 90-day old cultures (Figs. 1, 4).
d. Septal granules: The septal granules
appeared as homogeneous, spherical or el-
lipsoidal bodies, 0.2 p. in diameter, having
moderate electron density. They usually were
situated in contact with a septal pore, in an
opposite position of adjoining cytoplasms.
Also more similar granules were often present,
scattered near-by (Figs. 3, 4). Such granules
were also seen in the other regions of the cy-
toplasm, particularly in the periphery. In some
cases, a dense body in contact with the or-
dinary septal granule was observed. This body
was slightly larger than the scptal granule and
showed an indistinct, reticular internal struc-
ture (Fig. 4). Such bodies, perhaps degenera-
tion products of the ordinary septal granules,
were also present in the other regions of the
cytoplasm.
c. Vacuoles: Hyphae of T. violaceum also
contained large vacuoles of ovoidal, ellipsoidal
and occasionally irregular in shape. Such
vacuoles were usually filled with a small
quantity of an amorphous substance, and of-
ten contained some dense granules and/or
vesicles of a diameter less than 0.08 p.. The
latter resembled granules observed by Vitols
et al. (14) in yeast cells.
f. Lipid inclusions: Some large homogene-
ous vacuolar bodies having a dense and thick
wall, usually of a diameter 0.2—0.3 p., appear in
KMnO4-fixed preparations. Such bodies were
thought to be lipid droplets since they were
very similar in size and shape to the typical
electron-dense lipid bodies in O,Ofixed speci-
men.
5. Nucleus
The nucleus (Figs. 1, 2) had ellipsoidal
shape, and was sometimes bi-lobulated. It
was limited by a nuclear membrane which in
places had a unit membrane structure. The
appearance of outer surface of the nucleus
varies considerably, from a straight to a
slightly indented one. In general, those nuclei
from the 90-day-culture showed more appre-
ciable indentations (Fig. 1B). No nucleolus
was encountered.
These observations confirm the existence in
T. violaceum of those structures described
thus far in cells of other dermatophytes (1—11).
The granular or vesicular components ob-
served in the peripheral area of the cell de-
void of plasma membrane, or in the slit be-
tween the plasma membrane and cell wall,
were already reported in T. rubrum (6) and
seem morphologically similar to granules de-
scribed in Candida albicans (15). Those
structures between the cell wall and the
plasma membrane could relate to the loma-
somes found in vegetative hyphae of Allomyces
macrogynus Em. (16).
It had already been shown by means of
phase contrast microscopy that the septal
granules (Woronian bodies) migrate within
the cytoplasm (17). It seems possible that the
degenerated granules, after accomplishing
their function as "safety valves" for the cell,
may become scattered in the other regions of
the cytoplasm.
Finally, it was shown also that many
hyphae were surrounded by a dark outer coat-
ing. Preliminary work appears to indicate
that this coating is not part of the culture
medium.
SUMMARY
An electron microscopic study of thin sec-
tions of hyphac of T. violaceum was carried
out, following fixation with potassium per-
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manganate or osmium tetroxide. The various
organelles previously found in other species of
dermatophytes were described.
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FIG. 1. A cross-section through one cell (A) with dark outer coating (d) and two cells(B, C) with light outer coating (1) from a hypha of a 90-day-culture. n: nucleus. w: cell
wall. er: agranular endoplasmic reticulum. m: mitochondria. x: dark structure. arrows: gran-
ular or vesicular components. Veronal acetate buffered KMnO4 fixation. >< 28,080.
FIG. 2. A longitudinal section through a cell with hght outer coating (1) from a hypha of
20-day-culture. n: nucleus. d: dark outer coating of another cell. w: cell wall. m: mito-
chondria. er: agranular endoplasmic reticulum. a: irregular-shaped dark structure having
long processes. r: round-shaped small bodies with concentric double membrane structure.
arrow: plasma membrane showing unit membrane. Veronal acetate buffered KMnO4 flxaf son.
>< 23400.
Fso. 3. Part of a longitudinal section through cells from a hypha of a 20-day-culture,
showing septal granules (9) in the adjoining cytoplasms separated by the septum (s) of the
cell wall (w), and the septal pore (arrow). 1: light outer coating, m: mitochondria. er: agran-
ular cndoplasmic reticulum. Veronal acetate buffered KMnO4 fixation. >< 23,400.
FIG. 4. Part of a longitudinal section through cells from a hypha of a 90-day-culture,
showing septal granules (g) in the adjoining cytoplasms separated by the septum (s) of the
cells wall (w), and a probably degenerated one with internal reticular structure (arrow).
m: mitochondria. er: agranular endoplasmic reticulum. Veronal acetate buffered KMnO4
fixation. >< 23,400.
